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The  Food  and  Drug  Administratioi  ■  v^.  to  restrict  the  numbers 

of  antimicrobial  ar-^"'      '  '  '"^i  jmts  to  those  that  will 

not  create  a  potential  huriian  or  animal  health  hazard.     Adoption  of  the  pro- 
posal vill  result  in  the  prohibition  of  some  antibiotics  currently  used  in 
animal  feeds  for  growth  promotion,  i.e.  improved  feed  efficiency  and  growth 
rates.     An  investigation  was  made  of  the  -ootential  economic  impact  of  this 
proposal  on  U.S.  poultry  production  (broilers  and  turkeys)  and  consumers. 

The  investigation  ws-s  conducted  in  two  parts:   (l)  the  potential  im- 
pact with  the  option  to  use  approved  substitutes,  and  (2)  the  impact  with- 
out any  siibstitution  possibilities.     This  procedure  essentially/  establishes 
the  upper  and  lower  limit.,  <      :  "  c  effects. 

Under  part  one,  numerous  and  effective  substitution  possibilities  were 
foxand  to  exist.     Besides  the  likelihood  of  several  currently  used  antibiotics, 
such  as  bacitracin  and  tylosin,  there  are  the  arsenicals,  nitrofurans ,  and 
organic  sulfates  that  are  generally  as  effective  as  the  antimicrobial  agents 
that  may  be  prohibited.     Furthermore,  feeding  of  antibiotics  a.ppears  to  be 
a  substitute  for  inadequate  sanitation  practices  upon  the  part  of  management 
for  unsatisfactory  sanitation  features  in  poultry  housing  that  inhibit  growth. 

Statistical  analyses  of  feed  efficiency  and  rate  of  weight  gain  data 
for  five  antibiotics  led  i,o  broilers  to  mar:       '  •  revealed  no  signi- 

fic;uit  differences.     The  analy.-  -keys  fed  five  antibiotics 

through  eight  weeks  of  age  revealed  a  diff- 

!_/  Antimicrobial  agent  for  the  purposes  of  this  report  is  defined  as 
any  agent  used  in  animal  feeds  oz*  at  clinical  levels  that  distroy  favorable 
pathologic  bacteria  media. 


IV 


erence  in  rate  of  weif':ht  gain,  but  none  in  feed  efficiency.  It 
was  not  possible  to  determine  whether  these  results  would  occur  for 
turkeys  fed  antibiotics  to  market  weight  because  of  the  lack  of 
data. 

Little  if  any  economic  imDact  will  result  with  a  shift  to 
substitutes  as  long  as  the  cost  of  the  substitiite  is  not  appreciably 
different  from  the  cost  of  the  antibiotics  that  may  be  prohibited. 
Producers  may  be  subject  to  some  inconvenience  in  making  the  ad- 
justment, but  this  should  not  have  a  significant  effect  on  out- 
put or  prices. 

Under  part  two,  three  potential  situations  were  analyzed.  Two 
situations,  A  and  B,  assumed  output  was  maintained  at  the  1970  level 
by  (a)  raising  the  poultry  longer  and  (b)  raising  additional  birds. 
Situation  C  measures  the  impact  of  reduced  slaughter  supplies  on 
producers'  market  receipts  and  consumer  prices  with  the  same  num5er 
of  placements  and  length  of  production    period  as  in  197.0. 

Broiler  production  costs  for  Situation  A  and  B  would  increase 
by  $20.6  to  26.6  million  or  1.3  to  1.7  percent  above  the  1970  cost 
of  $1,587  million  for  10,99^  million  pounds.     Turkey  costs  increase 
$13.0  million  or  2.7  percent  under  "A"  and  $l8.5  million  or  3.9  ner- 
cent  under  "B"  to  maintain  output  at  2,250  million  pounds  annually. 
(Summary  Table  A). 

Higher  mortality  is  a  possibility  under  all  three  situations. 
Under  Situations  A.  and  B  for  broilers,  another  1  percent  mortality, 
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from  3  to  U  percent,  would  i.rrtber  increase  production  costs  by 
$2,5  and  $5.3  million  re;>y><  (-tivcly      Th     increase  in  turkey  mortality 
from  9  to  10  percent  would  <Mdd  $1.0  and  $2.2  million  under  the  two  situa- 
tions . 

Situation  C  would  result  in  a  reduction  of  2.2^4  percent  in  broiler 
output  and  3.l8  percent  in  turkeys.     Broiler  production  costs  are  reduced 
by  $6.0  million  vrhlle  turkey  production  costs  are  increased  by  $2.8  mil- 
lion.    With  the  ^.,ooi.uii|/Li.;.i  i.hat  all  meat  and  poultry  output  is  reduced 
because  of  the  feed  additive  ban,  the  broiler  receipts  to  producers  would 
increase  by  11, US  percent  or  1.667  cents  a  pound  (live).—/    Tnis  would 
increase  constuner  expenditures  by  $lU3.^  million  on  an  annual  basis.  The 
turkey  price  would  increase  by  13.66  percent  or  3.1  cents  a  po^Jind  and  in- 
crease consumer  annual  expenditures  by  $51.3  mil.lion.  ^/ 

With  an  additional  1  [H;j;cent  in  mortality,  the  total  reduction  in 

output  is  3.21  percent  for  broilers  and  U.25  percent  for  turkeys.  With 

similar  reductions  in  output  from  increased  mortality  of  beef  and  hogs , 

the  total  broiler  price  would  increase  by  lU,i+0  percent  or  2.092  cents  a 
/         ^  h/ 

pound  (live).  —     Total  expenditures  for  broilers  by  consumers 

would  increase  by  $170  million.     The  turkey  price  receipts  to  producers 
would  increase  by  16.86  percent  or  3.8l  cents  a  pound  (live)  with  annual 
consumer  expenditures  increasing  by  a  total  of  $60  million.^/ 

2_/  Reductions  in  other  meat  quantities  are:  (l)  beef  2.052^,  (2)  pork 
9.'-i-26^,  and  turkey  3.lQh%, 

3/  Reductions  in  other  meat  quantities  are:  (l)  beef  2.052^,  (2)  pork 
9.^28^,  and.  (3)  broilers  2.2hk%. 

h_/  Reductions  in  other  meat  quantities  are:  (l)  beef  2.691^,  (2)  pork 
10.318^,  and  (3)  tiirkey  h.2kj%. 

5_/  Reductions  in  other  meat  quantities  are:  (l)  beef  2.691^,  (2)  pork 
10.318^,  and  (3)  broilers  3-2^. 
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Feed  cons\iniption  under  Situations  A  and  B  would  increase  by 
236,000  tons  for  broilers  and  195,000  tons  for  turkeys  annually. 
The  additional  1  point  in  mortality  would  increase  the  total  ton- 
nage required  for  broilers  and  turkeys  to  267,000  and 
206,000  tons  respectively, under  A  and  B.  Under 

Situation  C,  the  decreased  output  in  broilers  and  turkeys  reduces 
feed  tonnage  for  broilers  by  38,000  tons  and  increases  turkey 
tonnage  by  72,000  tons.     The  additional  1  percent  mortalitj''  de- 
creases broiler  feed  consumption  by  an  additional  92,000  tons  and 
reduces  turkey  feed  tonnage  by  31,000  tons  (a  net  increase  for 
turkeys  of  Ul,000  tons  of  feed). 

With  output  maintained  at  the  1970  level,  the  potential  im- 
pact on  poultry  producer  costs  could  range  between  zero  and  $^+5.1  mil- 
lion.    But  considering  the  availability  of  numerous  substitutes, 
the  economic  impact  on  producer  and  consumer  costs  is  likely  to  be 
far  less  than  the  latter  figure. 

If  producers  do  not  have  any  recourse  and  respond  by  reducing 
output,  the  consequences  are  .far  more  significant.     Poultry  pro- 
ducers would  realize  little  change  in  total  cost  for  a  3.99  percent 
reduction  in  poultry  meat  output  but  a  substantial  increase  in 
revenue  of  $195  million  because  of  higher  consumer  prices  (Situation  C). 
The  probability  of  this  situation  ever  materializing  is  very  low. 
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Siimmary  table  A. — Estimated  effect  on  producers  from  a  total  ban  on  use  of 
antibiotics  and  substitutes  at  subtherapeutic  levels  in 
broiler  and  turkey  feed  rations,  1970  feed  year.  iJ 


Item 


Broilers 


Turlceys 


:otal 


Situation  A: 

Feed  cost  

Non  feed  cost—  

Total  

Added  1%  mortality: 

Feed  cost  

Won  feed  cost  

Mortality  added  cost — 

Total-Situation  A  

Situation  B:  _3/ 

Feed  cost — •  

Won  feed  cost  

Total  

Added  1%  mortality: 

Feed  cost  

Won  feed  cost  

Mortality  added  cost — 

Total-Situation  B  

Situation  C:  kj 

Feed  cost — — —  

Won  feed  costs  

Total  

Added  1%  mortality: 

Feed  cost  •  

Won  feed  cost  

Mortality  added  cost — 

Total-Situation  C  


16.2 
20.6 


2.5 
23.1 

l6.2 
10.4 
26.6 

2.5 
2.8 

5.3 

31-9 


-  5.36? 

-  0.625 
'  5.992 

\  7.283 

^  260 
.  '?h3 


-1 


•35 


Million  dollars 
12.6 
13.0 


.2 

1.0 

1^1.0 


12.6 
5.9 
18.5 

,8 
l.k 
2.2 

20.  T 


2.750 
O.0U5 
2.795 

-2.k'?6 
-0.019 
-2.U75 

0.320 


28.8 
i^.8 

33.6 

3.3 
.2 
3.5 

37.1 


28.8 
16.3 
U5.I 

3.3 
h.2 
7.5 

52.6 


-  2.617 

-  0.580 

-  3.197 

-  9.739 

-  2.279 
-12.018 

-15.215 


!_/  Subtherapeutic  is  the  use  of  antibaX  -rial  agents  at  lov-head  or  subclinical  levels  in 
feeds.    Many  subtherapeutic  agents  are  us  \   in  clinical  treatments  for  specific  bacterial 
infections. 

2/  Total  of  2.999  billion  broilers  weigl.  ^'  g  IO.99U  ■billion  pounds;  II9.68I  thousand  turkeys 
weighing  2.250  billion  poiinds .     The  same  r  1  ber  of  birds  are  fed  a  nonantibiotic  feed  for  a 
longer  period  to  achieve  the  same  market  ^;  \  ght  as  formerly. 

i  3/  Total  of  3.067  billion  broilers  weigh  \.  g  10. 99^  tillion  pounds;  123,6l8  thousand  turkeys 
weii-thing  2.250  billion  pounds.     Birds  are    «  Lsed  the  same  length  of  time  on  nonadditive  feed 

on  antibiotic  additive  feed. 
!  U_/  Total  of  2.999  billion  broilers  weigl  i'  g  10.7^8  billion  pounds;  119,681  thousand  turkeys 
weisthing  2.178  billion  pounds.    With  a  1  ■  £  cent  mortality,  2,969  billion  broilers  produce 
10,637  billion  pounds;  118,366  tui'keys  pr  race  2.15^  billion  poixnds.    Birds  are  raised  on 
nonantibiotic  feed  for  the  same  period  as  [c:)rmerly. 
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Siaimnary  table  B. — Estimated  effect  on  consumers  from  a  total  ban  on  use  of 
antibiotics  and  substitutes  at  subtherapeutic  levels  in 
broiler  and  turkey  feed  rations,  1970  feed  year. 


I  tern 

:  Broilers 

:  Turkeys 

Total  1/ 

Situation  A:  2/ 

Ar.mis2  per  capita  ex^~ 

penditure  increase  

:  10 

6 

16 

Retail  price  rise  per 

:  .26 

.72 

.3U 

Added  1%  mortality: 

Annual  per  capitaT^x- 

penditure  increase  

:  1.22 

1.71 

Retail  price  rise  per 

.03 

.05 

.03 

bituation  B;  ^' 

Annual  per  capita  ex- 

penditure increase  

13 

9 

22 

Retail  price  rise  per 

.33 

1 

M 

Added  Vfo  mortality: 

Annual  per  capita  ex- 

penditure increase  

3.00 

1.00 

il.OO 

Retail  price  rise  per 

.067 

.20 

.08 

Situation  C:  ^ 

Annual  per  capita  ex- 

penditure increase — — 

71.0 

25.2 

96.2 

Retail  price  rise  per 

2.28 

3.88 

2.57 

Added  \%  mortality: 

Annual  per  capita  ex-  • 

penditure  increase  

13.J+ 

18. q""" 

Retail  price  rise  per 

.58 

.89 

.62 

!_/  Retail  price  rise  total  reflects  weighted  average  based  on  per  capita  con- 
sumption of  41. U  pounds  of  broiler  and  8.1  pounds  of  turkey. 
2j  op.  cit.  Situation  A. 
3/  op.  cit.  Situation  B. 
IT/  op.  cit.  Situation  C. 
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Summary  table  C. — Estimated  effect  on  feed  consumption  from 
a  total  ban  on  use  of  antibiotics  and  substitutes  at 
subtherapeutic  levels  in  broiler  and  turkey  feed  rations , 

1970  feed  year.  1/ 


Situation 

Poultry 

Feed  consumption 

Wo  change 

in  mortality 

Change  in 
mortality 

With 
antibiotic 

Without 
■  antibiotic 

Without 
antibiotic 

A  2/  

Broilers 

11,977 

12,213 

12,21+5 

Turkeys 

3,682 

3,877 

3,888 

Total 

15,659 

16  ,090 

16,133 

B  3/  

Broilers 

11,977 

12,213 

12,21+5 

Turkeys 

3,682 

3,877 

3,888 

Total 

15,659 

l6  ,090 

16,133 

C  h/  - 

Broilers 

11,977 

11,9^0 

ll,8i+7 

Turkeys 

3,682 

3,75U 

3,723 

Total 

15  ,659 

15,69^+ 

15,570 

!_/  Data  shown  here  varT,''  somewhat  from  total  tons  shown  in  Appendix  table  1 
due  to  rounding. 

2j  op.  cit.  Situation  A. 
3j  op.  cit.  Situation  B. 
h/  OP.  cit.  Situation  C. 
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RECOMMENDATIONS 

Utilization  of  growth  Dromotant  feed  additives  is  widespread 
throughout  the  U.S.  livestock  and  poultry  industries.     But  the 
benefits  of  these  additives  in  terms  of  improved  economic  effi- 
ciency remain    largely  unknown.    To  date,  there  are  serious  de- 
ficiencies in  the  measurement  of,  as  well  as    the  type  of  tech- 
nical data  obtained  from  trials.     Without  adequate  technical  data,  it  is 
difficult  to  determine  with  any  degree  of  accuracy  the  economic  bene- 
fits or  costs  of  feed  additives . 

Therefore,  it  is  recommended  that  the  Food  and  Drug  Adminis- 
tration in  cooperation  with  the  Agricultural  Research  and  Economic 
Research  Services  initate  a  research  program  to  evaluate  all  feed 
additives     currently  appi'ovcd  as  growth  promotants  to  determine 
the  following: 

(1)  The  differences  in  feed  efficiency  (between  control  and 
additive  treated  animals)  during  rn'oduction  to  market  or  slaughter 
weight. 

(2)  The  differences  in  the  growth  rate  between  control  and 
additive  treated  animals  during  the  production  period  to  market  or 
slaughter  weight.  1./ 

i./    Lehmann,  Richard  P.,  Paper  delivered  at  Maryland  Nutrition  Con- 
ference for  Feed  Manufacturers  titled,  FDA's  Requirement  For  Cleararice 
of  Proposed  Feed  Additives,  University  of  Maryland,  March  1972.  (Deals 
in  some  detail  with  the  need  to  evaluate  feed  additive -animal  growth 
benefits  with  a  coordinated,  comprehensive  research  effort). 
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(3)     The  difference  in  caxcass  composition  and  quality  between  control 
and  additive  treated  animals  to  ascertain  whetjaer  the  additive  con- 
tributes to  improving  carcass  quality  and  results  in  a  higher 
economic  value. 

(h)     The  residue  accLiiriulation  in  the  waste  discharge  of  treated 
animals  to  ascertain  the  potential  of  hioman ,  aniraaJ  ,  and  environmental 
hazards . 

(5)     The  residue  accumulation  in  t"he  carcasses  of  treated  animals 
to  ascertain  any  potential  hazard    of  any  and  all  pai-ts  of  the  animal 
carcass     to  the  health  of  handlers  and  cons^jmers. 

It  is  further  recommended  that  experiments  be  designed  to  deter- 
mine : 

(1)  Animal  response  from  various  levels  of  additive  feeding 
under  controlled  environmental  conditions. 

(2)  Animal  response  under  different  environmental  conditions. 
(3)    The  animal  res:pons,e  using  a  yariet:]y^        additives  singly 

and  in  combination  under  controlled  environmental  conditions. 

(h)     Consumer  response  under  these  situations  where  carcass 
pigmentation  or  tissue  composition  is  affected  by  the  additive. 

It  is  recognized  that  such  a  program  will  be  expensive  and  time 
consuming  before  tangible  results  can  be  obtained.     However,  the 
results  should  resolve  many  of  the  questions  posed  by 
agricultural  producers,  hurnaji  and  animal  health  researchers,  en- 
vironmentalists, and  consiimers  on  the.  use  of  growth  promotant  feed  additives. 


INTRODUCTION 

Antibiotics  have  been  used  for  several  decades  at  therapeutic 
and  subtherapeutic  levels  on  poultry.     Subtherapeutic  feeding;  of 
antibiotics  to  poultry  is  known  to  promote  growth  with  reduced 
nutritional  intake  resulting  in  reduced  production  costs  and  lower 
consumer  prices.     But  it  is  still  largely  a  matter  of  conjectiare 
as  to  how  antibiotic  feeding  stimulates  the  growth  processes.  Al- 
though antibiotics  suppress  the  growth  of  certain  microorganisms , 
the  suppression  action  results  in  three  possible  effects.  First, 
the  competition  for  nutrients  between  the  microorganisms  and  the 
animal  is  reduced.     Second,  the  metabolic  rate  of  the  animal  is 
indirectly  reduced.     Third,  antibiotics  substitute  for  sanitation 
practices,  the  lack  of  vrhich  inhibit    growth.     These  effects  improve 
the  economic  efficiency  of  livestock  and  poultry  production  and  ex- 
plain the  widely  accepted  practice  of  subtherapeutic  feeding  of 
antibiotics . 

Use  of  antibiotics  is  oublicly  regulated  by  the  Food  and  Drug 
Administration  (FDA)  of  the  Department  of  Health,  Education  and 
Welfare  under  the  Federal  Food,  Drug,  and  Cosmetic  Act.  Approval 
of  an  antibiotic  for  use  in  animal  feeds  or  water  can  only  be  ob- 
tained from  the  FDA  after  the  manufacturer  has  demonstra,ted    (l)  its 
safety  to  the  consuming  animal,  (2)  it  produced  results  claimed,  and 

(3)  it  will  not  result  in  harmful  effects  to  the  handlers  and  eonsumers 
of  the  animal  or  its  food  products. 

2j  Subtherapeutic  is  the  use  of  antibacterial  agents  at  low-level  or 
subclinical  levels  in  feeds.     Many  subtherapeutic  agents  are  used  in 
clinical  treatments  for  specific  bacterial  infections. 


Until  recently  the  feeding  of  antibiotics  on  a  broad  scale 
was  not  presumed  to  constitute  a  human  health  hazard.     But  recent  • 
research  on  antibiotic  resistant  microorganisms  sug.0;ests  that 
some  strains  are  or  are  becoraing  increasingly  resistant  to  anti- 
biotics.    These  resistant  strains  can.  be  transmitted  to  man  or 
other  animals  and  could  constitute  a  potential  health  hazard  to 
both. 

In  response  to  the  Botential  hazard,  the  FDA  initiated  an  in- 
vestigation and  has  proposed  that  all  antimicrobial  agents  used  in 
human  clinical  medicine  and  animal  feeds  that  fail  to  meet  certain 
criteria  be  withdrawn  from  use  in  animal  feeds  before  the  end  of 
1973.  3./  This  list  includes  the  tetracyclines,  streptomycin, 
dihydrostreptomycin ,  sulfonamides,  and  penicillins. 

The  FDA  report  alludes  to  a  complete  ban  on  subtherapeutic  feed- 
ing of  antibiotics  to  poultry  and  livestock  with  an  extensive  analysis  of 
economic  benefits  attributable  to  antibiotic  feed  additives .  Ij^/  But  the  in 
vestigation  does  not  analyze  the  many  known  substitutes  that 
provide  similar  beneficial  results.     As  a  consequence,  the  benefits 
reportedly  attributable  to  antibiotic  feed  additives  are  overstated. 

3/  Federal  Register,  Vol.  37,  Wo.  21,  Feb.  1,  1972,  pp.  2l+Ui;-2itii5 • 
k/  Report  to  the  Commissioner  of  the  Food  and  Drug  Administration 
by  the  FDA  Task  Force  on  the  use  of  antibiotics  in  animal  feeds. 
Appendix  A,  U.S.  Department  of  Health,  Education  and  Welfare,  Rockville, 
Maryland,  Jan.  1972. 


-  3  - 

Objectives 

The  purpose  of  this  report  is  to  investigate  the  economic  impli- 
cations of  the  FDA  proposal  on  broiler  and  turkey  "oroduction.  The 
first  section  is  a  cursory  examination  of  substitution  "oossibilities 
and  the  effect  of  their  use.     The  second  section  is  a  reexamination 
of  the  benefits  of  antibiotic  feedina;,  disreeiarding  all  substitution 
possibilities ,  to  complement  a  report  on  antibiotic  feeding  to  live- 
stock submitted  earlier.     The  results  of  the  tions  establish 
the  minimum  and  m-aximum  bounds  about  the  potential  economic  impact. 
Growth  Promotant  Substitutes 

Poultry  producers  are  usually  interested  in  producing  poultry  meat 

and  eggs  at  costs  that  yield  greatest  net  revenue.     For  the ' producer ,  this  en 
ables  him  to  compete  effectively  against  producers  of  other  close 
substitute  foods.     For  the  consumer,  it  means  an  abundance  of  pro- 
tein food  at  low  prices  over  the  long  run.     For  society,  it  offers  an  oppor- 
tunity to  reallocate  scarce  resources  to  the  proviuction  of  other  goods  and 
services. 

Producers  are  confronted  with  a  wide  choice  of  alternatives  to 
improve  production  efficiency  and  these  are  essentially  technical 
substitutes  for  one  another.     Since  the  market  for  poultry  nroducts 
is  extremely  competitive,  producers  must  select  that  combination  of 
resources  that  minimizes  cost  in  order  to  obtain  adequate  returns 
and  remain  in  business. 


1, 

Advance  in  poultry  nutrition  and  in  particular  feed  a.ddi- 
tives  have  been  a  major  source  of  economies  over  the  last  twenty- 
years.     But  antibiotics  are  only  one  form  of  feed  additive. 
Arsenicals,  nitrofurans     and  more  recently  organic  sulfates  are  ex- 
amples of  other  additives  that  improve  biological  performance.  5./ 

These  additives  are  substitutes  in  terms  of  growth  promotion 
and  may  be  fed  individually  or  in  combination  to  achieve  the  de- 
sired results.     Antibiotics  in  particular  are  a  substitute  for  mana- 
gerial practices  and  housing  conditions.     Antibiotics  as  additives 
substitute  for  more  stringent  managerial  health  maintenance  practices 
as  well  as  housing  design,  construction,  and  operation  that  promotes 
sanitation.     This  translates  into  more  time  for  producers  to  pro- 
duce a  larger  flock  and  less  capital  investment  per  unit  of  capacity. 

Unfortunately,  the  technical  substitution  relationships  have 

not  been  explored  enough  to  determine  specific  economic 
benefits.     Consequently,  the  real  benefits  of  antibiotic  feed  addi- 
tives to  poultry  producers  and  consumers  remain  largely  unknown. 

SUBSTITUTES  FOR  ANTIBIOTICS  I'ROHIBITED  IN  POULTRY  FEEDS 
Antimicrobial  Agents 

Antibiotics  constitute  only  one  group  of  growth  x^romotants  for 
poultry.     Within  this  group,  there  are  over  1,000  identified  agents, 

5_/  Feeds  usually  contain  other  additives  or  ingredients  that  con- 
tain both  identified  and  ui';id-ntified  growth  factors. 
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but  only  30  are  extensively  used  in  human  clinical  medicine  and  only 
ih  are  approved  as  feed  additives.  6_/    Antibiotics  possess  different 
characteristics  upon  introduction  into  the  digestive  system.  For 
example,  some  are  absorbed  into  the  circulatory  system  while  others 
are  not.     Both  types  are  used  as  feed  additives  and  stimulate  growth. 

Considering  the  lc>,rge  number  of  identified  antimicrobial  agents 
and  the  continuing  large  scale  research  program  to  develop,  test, 
produce,  and  market  new       well  as  known  antibiotics,  there  is  little 
reason  to  doubt  that  one  o*  more  of  the  approved  and  several  identi- 
fied agents  will  receive  FE. clearance  as  feed  additives  under  the 
proposed  criteria.  \ 

Two  antibiotics  that  arf  |  likely  to  be  reapproved  as  feed  add- 
itives  are  bacitracin  and  ty^  :  in.     Bacitracin  in  several  different 

forms  is  already  widely  used   j    poultry  feeding  as  well  as  in  live- 

I 

stock  feeding  programs.     Tylc  |  n  is  not  as  widely  accex)ted  for  use 

j 

in  poultry  feeds.     If  either    [  3  or  both  are  near  perfect  substitutes 

j 

for  those  antibiotics  that  ai  |  .orohibited  as  feed  additives,  the 
economic  impact  on  poultry  pr  j  iction  and  prices  will  be  negligible. 

In  order  to  compare  the    }  'icacy  of  several  antibiotics  (baci- 

i 
1 

tracin,  tylosin,  penicillin,  >  |  tetracycline,  chlortetracycline ,  and 
erythromycin) ,  performance  da  f  on  broiler  and  turkey  production  were 


analyzed. 


6/  M.  L.  Potter,  "Future  Use 
stuffs ,  Vol.  h3.  No.  3h,  Aug. 


Antibiotics  in  Poultry  Feeds",  Feed- 
,  1971. 
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The  data  consisted  of  feed  conversion  and  weipht  gains  on  con- 
trol and  treated  groups  fed  different  dosages  of  the  several  anti- 
biotics.    The  data  were  ohtainr^d  frora  the  FDA  report  and  Dr.  L.  M. 
Potter  of  Virginia  Polytechnic al  Institute,  ij 

The  statistical  analyses  on  broiler  performance  consist  of  a 
comparison  of  results  from  trials  utilizing  bacitracin,  tylosin, 
oxytetracy  cline  ,  T)enicillin  and  chlort etracycline .     'iVo  analyses  were 
made  to  deteriTiine  whether  the  efficacy  of  bacitracin  and  tylosin  is 
the  same  as  the  other  three  agents  in  terms  of  weight  gain  and  feed 
conversion  of  broilers  raised  to  market  vreight. 

The  analysis  indicates  no  significant  difference  between  • 
the  five  antibiotics  in  promoting  growth'  of  broilers  (Table  l).  Baci- 
tracin and  tylosin  are  therefore  satisfactory  substitutes  for  any 
one  of  the  other  antibiotics. 

Table  2  is  an  analysis  of  variance  of  the  gains  in  feed  efficiency 
attributable  to  antibiotics.     The  analysis  was  made  on  data  for  the 
same  five  antibiotics,  utilizing  66  of  the  71  trials  used  in  the 
■above  analysis. 

Wo  significant  differences  were  found  between  the  antibiotics 
in  terms  of  the  feed  efficiency  gains  attributable  to  the  antibiotics. 
In  conclusion,  bacitracin  and  tylosin  appear  to  be  as  effective  as 


X/   Data  obtained  from  Dr.  L.M.  Potter  by  personal  corres-nondence . 
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Table  1. — Aiialysis  of  variance  of  weight  gains  attributable 
to  antibiotics  fed  to  broilers  to  market  weight  'ij 


BAG 

■  PEN 

OTC 

\  CTC 

TYL 

Total 

—  

Sum  

3.75 

0.67 

0 

.16 

0.16 

0 

.36 

5 

.11 

Number  

39 

16 

2 

3 

11 

71 

Me  an  

0.0962 

O.OU19 

0 

.080 

0.0533 

0 

.0327 

Sum  of 

squares  

0.5983 

0.1221 

0 

.oiii6 

0.019^1 

0 

.0772 

0 

.8333 

Correction 

term  

0 . 3678 

BAG  =  Bacitracin  OTC  =  Oxytetracycline  TYL  =  Tylosin 
PEN  =  Penicillin    CTC  =  Chlortetracycline 


Source  of 
varisnce 

Degrees  of  : 
freedom  : 

Sum  of 
squares 

:  Mean 
:            s  quare 

Total  

70 

O.I+6I13 

Antibiotics- 

\ 

0,0555 

0.0139 

Individuals— 

66 

O.I4O88 

0.0062 

F  =  2.2U2   d.f.  =  1+,  66    F.Q^  -  2.51 

!_/    Data  source:     Report  to  the  Commissioner  of  the  Food  and  Drug 
Administration  ^7  "the  FDA  task  force  on  the  use  of  antibiotics  in 
animal  feeds.  Appendix  A,  U.S.  Dept.  of  Health,  Education  and  Welfare, 
Rockville,  Maryland,  Jan.  1972. 
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the  other  antibiotics.     Wo  economic  losses  would  be  expected  to 
result  from  a  partial  ban  on  antibiotic  feeding  as  long  as  bacitra- 
cin, tylosin,  or  a  similarly  effective  compound  at  the  same  unit 
prices  and  dosages  are  not  "orohibited. 

For  turkeys    the  FDA  report  contained  the  results  of  21  trials 
on  antibiotic  feeding  to  ma.rket  weight.     Sixteen  of  the  trials  were 
with  bacitracin,  and  the  remainder  were  with  "Denicillin.  ^/  Addi- 
tional trial  data  were  obtained  from  Dr.  M,  L.  Potter  for  2h  trials 
involving  the  feeding  of  five  antibiotics  (bacitracin,  tylosin, 
erythrom;>'cin ,  penicillin,  and  chlortetracycline )  through  eight  weeks 
of  age. 

A  comparison  of  the  term  trials  for  weight  gains  involving 
bacitracin  and  iiencillin  does  not  reveal  any  significant  difference 
between  the  means  of  the  gains  (Table  3).     But  an  analysis  of  the 
Potter  data  for  five  antibiotics  does  reveal  a  difference  between 
the  mean  gains  at  eight  weeks  of  age  (table  U)  .     Neither  bacitracin 
or  tylosin  provide  the  response  in  weight  gain  that  is  obtained  from 
penicillin  or  erythromycin. 

The  reason  for  the  di  f  ferences  in  ga.ins  between  antibiotics  could 
be  attributable  to  other  fa.ctors  such  as  differences  in  antibiotic, 
dosage  and  potency  or  environmental  factors.     But  it  is  known  that 


8/  U.S.  Dept.  of  Health,  Educo.t  ion  and  Welfare,  op.  cit .  ,  Appendix 
A,   pp.  31. 
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Table  2. — Analysis  of  variance  of  gains  in  feed  efficiency 
attributable  to  five  antibiotics  fed  to  broilers  to 


market  weight 

;    BAG     ;    PEN    ;    otc     ;     ctc     ;    tyl  '  ;  Total 

Sim  :  1.63  0.53  0.09  0.06  0.52  2.83 

Number——:  35  I6  2  2  11  66 

Mean  :  0.0h66  0.0332  0.0ii50  0.030  0.0^73 

Sum  of  : 

squares  :  0 . IT8I  0.0)471  0.0053  0.0020  0.03'48  0.2673 

Correction  : 
term  :  0.1213 


BAG  =  Bacitracin  OTC  -  Oxytetracycline  TYL  =  Tylosin 
PEN=  Penicillin      CTC  =  Chlortetracycline 


Source  of 

Degrees  of 

Sum  of 

Mean 

Variance 

freedom 

squares 

square 

Total  

65 

O.li+60 

Antibiotic  

k 

0.0027 

0.00068 

Individuals — 

:  61 

O.1I+33 

0.00235 
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Table  3. — Comparison  of  weight  gains  attributable  to  two 
antibiotics  fed  to  turkeys  to  market  x^eight 


Antibiotic       :  NixTiber 


Degi-ees 
freedom 


Mean  gain     :      Sura  of  squares 


Bacitracin- 
Pencillin-- 


16 
5 


15 
k 
19 


.h3 
.68 

Diff.  .25 


5.95 
2.90 

Suju  8.85 


t  =  .25/. 35  =  .71^^      d.f.  =19        t         =  2.093 


Table  ^u— ikialysis  of  weight  gains  attributable  to  five 
antibiotics  fed. to  turkeys  for  the  first  eight  weeks  of  age 


BAG  ERY       ]       CTC       *       PEN       '       TYL       [  Total 


Sum  :  727  985  178  286  80  2,256 

Number—  :  10  8  2  2  2  2U 

Mean  :  72.70  123-13  89-00  1^3-00  Uo.OO 

Svm  of  : 

squares——:  56,753  139,331  15,87^  Uo  ,906  U,882  257,7^6 

Correction  : 
term  :  212, 06^ 


BAC  =  Bacitracin  CTC  =  Chlortetracycline        TYL  =  Tylosin 

ERY  =  Erythromycin        PEN  =  Penicillin 


Source  of 

Degrees  of 

[            Sums  of 

Mean 

variance 

freedom 

]  squares 

square 

Total-  

23 

)45  ,682 

Antibiotic  

h 

22,007 

5,502 

Indivi duals — 

19 

23,675 

l,2h6 

F  =  U.4l6 

d.f.  =  i+,  19  1 

•05  = 
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body  weif5ht  gairxS  (from  antibiotic  suT)T)lement )  during  the  early 
stapes  of  growth  are  much  greater  than  during  the  latter  Dart  of  the 
growing  period.     Consequently,  different  antibiotics  may  result  in 
different  responses  in  gains  early  in  the  growing  period  but  may  not 
result  in  significant  differences  at  market  weight.     In  the  case  of 
turkeys,  this  is  approximately  l6  to  l8  weeks  for  hens  and  22  to  2h  weeks 
for  toms . 

Since  feed  efficiency  data  for  turkeys  presented  in  the  FDA  ^ 
report  were  almost  entirely  based  on  the  use  of  bacitracin,  no  analysis 
was  made . 

The  Potter  data  were  analyzed  for  differences  in  feed  efficiencies 
of  eight  week  old  turkeys  fed  antibiotics  (Table  5)-     The  analysis 
revealed  no  significant  difference  between  the  feed  efficiency  gains 
for  the  five  antibiotics.     Bacitracin  therefore  appears  to  be  a 
satisfactory  substitute  for  the  other  antibiotics  to  achieve  improved 
efficiency  in  feed  conversion  up  through  eight  weeks  of  age.  Tylosin 
trials  consisted  of  only  two  and  with  zero  average  response.  The 
data  are  considered  insufficient  to  render  a  valid  ."judgement  on  this 
an libiotic. 
Organic  Arsenicals : 

Arsenic  compounds  are  another  known  feed  additive  that  promotes 
growth  in  poultry.     Either  arsanilic  acid  or  sodium  arsanilate  are  fed 
to  achieve  improved  feed  efficiency  and  increased  weight  gains.  However, 
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Table  5" — Arialy.sis  of  feed  efficiency  gains  attributable  to 
five  antibiotics  fed  to  turkeys  for  the  first  eight  weeks 

;        BAG     ;      ERY       ;       cTC       !      PEN       ;      TYL       ;  Total 

Sum  •  :  0.23  0.33  0.03  0.09  0  0.68 

Number  ■   10  8  2  2  2  2U 

Mean  :  0.023  0.0lil3  0.015  0.0^^5  0 

Sum.  of  : 

squares  •  :  0.008?  O,0l65  0.0009  0.00^+1  0.0008  0.0310 

Correction  : 
term  :  0.0193 

BAG      Bacitracin  CTC  -  Chlortetracycline         TYL  =  Tylosin 

ERY  =  Erythromycin        PEN  =  Penicillin 


SoujT'ce  of     ]  Degrees  of  "  Sum  of  '  Mean 

variance       [  freedom  [  squares  ]  square 

Total  ■  :  23  0.01170 

Antibiotic  :  h  O.OOUlU  O.OOlOU 

Individuals  :  19  O.OO856  O.OOOUO 


F  =  2.60      d.f.  =  1|,  19      F  =  2.Q03 
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it  is  not  known  to  what  extent  producers  utilize  arsenic  compounds 
to  promote  growth  although  it  is  reported  to  be  extensively  used  in 
broiler  feeds.     Table  6  gives  a  comparison  of  weights  of  four  week 
old  turkey  poults  fed  antibiotics  and  arsanilic  acid.     The  maximum 
level  acceptable  by  the  FDA  is  90  grams  of  arsanilic  acid  pe.v  ton. 
Poults  fed  at  this  level  attain  weights  similar  to  poults  fed  high 
levels  of  antibiotics,  and  those  fed  a  combination  of  an  antibiotic 
and  arsanilic  acid.     In  all  cases    weights  are  much  higher  than  the 
v?ontrol.     It  is  not  known ''■whether  either  the  antibiotic-arsanilic 
combination  or  arsanilic  acid  additives  result  in  statistically 
significant  gains  for  turkeys  at  market  weight. 
Inorganic  Sulfates: 

Recent  experimental  work  by  Haims  indicates  that  the  addition 
of  organic  sixLfates  contributes  significantly  to  improved  feed  effi- 
ciencies and  increased  weight  gains  of  straight-run  broilers  raised 
to  term.  9./  AiDparently  the  sulfate  substitutes  for  Dart  of  the 
methionine  requirement.     In  a  broiler  feed  trial,  the  birds  receiving 
sodium  sulfate  weighed    3.1^7  pounds  compared  to  2.98'^  pounds  for  the 
control,  an  increase  of  5 -60  percent.     I-'eed  efficiency  was  2.l8  for 
the  treatment  and  2.23  for  the  control,  an  improvement  of  2.2^  per- 
cent . 

£/  R.  H.  Haims,  Response  of  Poultry  to  Supplemental  Inorganic  Sulfates, 
Proceedings  1972  Maryland  Nutrition  Conference,  University  of  Maryland, 
1972,  p.  51. 
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Table  6. — -Comparison  of  weights  of  four  week  old  poults  fed 
arsanilic  acid  and  antibiotics 


Addit  i  ve 

:      Grams  per  ton 

]      Poult  weight 

grams 

357 

None—  — 

3o2 

1,  r 
45 

496 

/'  Q 
DO 

511 

90 

525 

180 

535 

Penicillin  

1 

hkl 

2 

502 

3 

529 

1. 

564 

5 

r-  1  -v 

54r 

Baci  ti-acin  

5 

1+55 

10 

534 

Terr amy cin  

5 

i+65 

10 

1+96 

15 

k99 

20 

5^6 

i^eomycin-  

k 

U68 

20 

509 

Terramycin-arsanilic  acid  

5-90 

538 

Source:     Frontiers  in  Nutrition,  Supplement  No.  77 5  Dawes  Labs  5 
Chicago,  jj.  277. 
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Housing  and  Management: 

The  response  of  poultry  to  antibiotics  apparently  varies  with 
sanitation  practices  by  management  and  conditions  in  the  house.  In 
new  housing,  response  from  antibiotic  feeding  is  non-significant  in 
several  reported  cases  but  is  significant  in  old  houses  that  are 
apparently  harboring  pathogens.     The  response  may  originate  from  one 
of  two  sources .     A  considerable  amount  of  housing  may  have  been  con- 
structed with  sanitation  features  omitted  by  the  designer.  Con- 
sequently, it  is  not  possible  to  thoroughly  clean  the  buildings  and 
eouipment  after  an  outbreak  of  disease  or  between  flocks. 

The  second  cause  is  lack  of  a  sanitation  program.  Adec[uate 
sanitation  practices  are  not  conducted  regardless  of  the  production 
system  design.     Some  of  these  inadequacies  may  consist  of  excessive 
recycling  of  litter,  admission  of  disease  carried  on  the  premises 
by  other  producers,  suppliers,  or  wildlife,  or  inadequate 
sterilization  of  facilities  between  flocks.     These  deficiencies  can 
usually  be  readily  corrected. 

In  conclusion,     ^    prohibition  on  the  use  of  some  of  the  currently 
approved  antibiotics  as  feed  additives  would  not  have  a  ma.ior  economic 
impact  on  poultry  production.     Continued  use  of  bacitracin  and  or 
t.ylosin  would  provide  similar  results  in  weight  gain  and  feed  conver- 
sion as  other  antibiotics.     Fiarthermore ,  use  of  other  feed  additive 
compounds  and  improvements  in  management  sanitation  practices  or 
housing  facilities  would  provide     similar  benefits. 


-  l6  - 

An  economic  effect  would  result  if  prices  of  these  substitutes 
■were  substantially  above  corresponding  prices  of  prohibited  anti- 
biotic additives. 

ECONOMIC  EFFECTS  OF  THE  COMPLETE  WITHDRAWAL  OF  ANTIBIOTICS 
IN  POULTRY  FEEDS  FOR  GROWTH  PROMOTION 

This  section  of  the  report  examines  the  economic  effects  of  a 

complete  withdrawal  of  all  antibiotics  in  poultry  feeds  for  growth 

promotion  without  consideration  for  the  adoption  of  any  substitute 

additives  or  practices.     Under  this  hypothetical  prop:ram,  poultry 

would  consume  more  feed  per  pound  of  gain  and  the  growth  rate  woiild  be 

reduced.     Under  these  circumstances,  production  of  the  same  output 

(weight)  would  result  in  higher  costs,  and  prices  to  consumers.  If 

increased  costs  should  reduce  supply,  prices  would  also  increase.  In 

ofder  to  examine  these  consequences,  three  situations  are  analyzed  for 

broilers  and  turkeys.     These  are: 

Situation  A: 

The  same  number  of  broilers  or  turkeys  are  fed  for  a  longer  period 
without  antibiotics  to  obtain  the  same  aggregate  weight  of  each  as  report 
in  1970 
Situation  B: 

A  larger  number  of  broilers  and  turkeys  are  fed  nonantibiotic 
feed  to  obtain  the  reported  1970  aggregate  weight  with  the  flocks  grown 
out  in  the  same  time  period  as  with  antitiiotic  feed. 


Situation  C: 

The  same  number  of  broilers  and  turkeys,  as  reported  in  1970, 
are  fed  nonantibiotic  feed  vith  the  flocks  fed  for  the  same 
length  of  time  as  occurred  with  antibiotic  feed. 

It  is  not  certain  that  prohibition  of  subtherapeutic  feeding  of 
antibiotics  would  increase  the  incidence  of  mortality.     However,  the 
economic  effects  of  an  additional  1  percent  increase  is  examined  in 
each  situation  for  broilers  and  turkeys. 

Several  assumptions  and  base  data  apply  to  the  analyses  for  broilers 
and  turkeys.  y-^ 
These  are: 

(1)  Prior  to  prohibition  all  flocks  were  fed  feed  containing  an 
antibiotic  to  promote  growth. 

(2)  All  production  practices,  costs,  and  performance  results 
are  uniform  between  regions. 

(3)  The  adjustment  will  not  affect  input  prices  except  when 
identified  in  the  following  text. 

()+)     Prohibition  of  subtherapeutic  feeding  of  antibiotics  will 
not  increase  pre  or  post  mortem  condemnations  or  alter  carcass  grade 
and  quality. 

(5)  Expected  changes  in  prices  to  consumers  re"^lect  only  a  approximate 
general  equilibrium  condition  in  the  market.     Since  we  deal  with  only  close 
meat  substitutes  the  new  equilibrium  so  derived  in  only  an  appromination  of 
the  supply-price  levels  for  broiler  and  turkeys. 

(6)  U.S.  population  was  203  million  in  1970. 


-  18  - 


Broilers : 

The  following  assumptions  apply  for  the  analysis  of  the  three 
situations : 

(1)  Total  production  in  1970  was  2.999  billion  birds  weighing 
10.99^  billion  pounds  (live). 

(2)  Average  market  weight  was  3-666  pounds  in  1970  and 
broilers  reached  market  weight  in  58.1  days  for  an  average  daily  gain 
of  0.0631  pounds. 

(3)  Average  daily  gain  for  broi.lers  fed  nonantiL)iotic  feed  is 
0.0617  pounds. 

(h)     Feed  consumption  of  antibiotic  feed  for  a  3-666  pound  broiler 
was  7-988  pounds  with  a  conversion  ratio  of  2.l8  (2.1789:1). 

(5)  Feed  cons\amption  of  nonantibiotic  feed  for  m  3.666  pound 
broiler  is  8.1U5  pounds  with  a  conversion  ratio  of  2.  '2  (2.22l8:l). 

(6)  Mortality  was  3  percent  of  chick  placements  in  1970. 

(7)  Broiler  production  costs  are: 

Feed  with  antibiotic  10_/  $79.10  /ton 

Feed  without  ajitibiotic  11/  78.90  /ton 

Chicks  0.085/  Ea. 

Contract  grower  12_/  0.02  /  lb. 

Contractor  overhead  0.01"^/  lb. 


10/  The  feed  cost  is  substantially  less  than  the  $110.27  ver  ton  used 
by  the  FDA.     The  change  was  made  following  communication  with  Warren  Trotter, 
Richard  Russell  Research  Center,  Athens,  Georgia. 

11/   Difference  of  20  cents  is  5  grams  of  antibiotic  at  h  cents  -oer  gram. 

12/  The  grower  receives  2.0^  cents  per  pound  when  birds  are  fed  feed  with- 
out antibiotic  and  grown  out  a  longer  period  to  compensate  for  additional 
resource  input. 


-  I')  - 

Situation  A: 

Under  Situation  A,  broilers  are  raised  an  additional  1.3  days  to 
59.  U  days  and  fed  Q.lh'^  pounds  of  feed,  an  increase  of  0.157  pounds 
(table  7)-     Feed  costs  per  broiler  increased  by  O.5I1O  cents.     To  com- 
■nensate  growers  for  additional  resources  employed,  an  additional  0.1^+7 
cents  per  bird  is  paid  by  contractors.     The  total  increase  is  O.687 
cents  a  bird  or  0 . I87  cents  a  pound. 

This  situation  requires  an  additional  235,822  tons  of  feed  at  a 
cost  of  $18,606  million.   13/  With  the  credit  for  the  -intibiotic  addi- 
tive, $2,395  million  for  11,977,^13  tons  replaced  by  i,he  same  amount 
of  nonantibiotic  feed,  the  net  additional  cost  is   $l6.211  million. 
The  nonfeed  cost  increase  is  $U.398  million,  and  the  l.otal  annual  in- 
crease in  broiler  production  costs  is  $20.609  million. 

Total  production  costs  increase  from  $1,595  billion  to  $1.6l6  bil- 
lion, an  increase  of  1.3  percent  (table  8).     On  an  eviscerated  weight 
basis,  8.026  billion  pounds,  the  cost  per  pound  Increase  is  0.257  cents.  1^/ 
With  per  capita  consumption  of  39.5^  pounds  annually,  the  increase  in 
per  capita  annual  expenditure  is  10.15  cents. 

The  prohibition  of  subtherapeutic  feeding  of  ant.  ibiotics  could 
possibly  result  in  additional  mortality.     Under  this  ::.ituation,  for 
each  one  additional  percentage  point  in  mortality,  it  is  assumed  the 
bal.'ince  of  the  flock  is  raised  lon/^er  to  obtain  the  same  aggregate 
weight . 

13/  See  appendix  table  1. 
See  appendix  table  2. 
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Table  8:     Total  and  unit  broiler  iiroduction  costs,  Situation  A. 

Broilers  fed  .        Broilers  fed  .        Four  percent 

Item                ■        antibiotic  1_/  .     no  antibiotic  1/  .        mortality  2/ 

;  million   

Feed                   :          $    947.413  $    963.624  $  966.228 

Chicks              :              262. T99  262. T99  262.799 

Grower               :               219.880  224.278  ,  224.278 

Integrator        :                164.910  164.910  164.910 

Total  :          $1,595-002  $l,6l5.6ll  $l,6l8.095 

Per  bird  53.18U  t  53.872  i  5^.5l6  i- 
Per  lb. 

(live)  lU.508  <^  lU.695  ^  lU.718  <t 


j_/  Total  of  2.999  billion  broilers  weighinf^  10.99^  billion  pounds. 
2J  Total  of  2.9681  billion  broilers  weighing  10.99^  billion  pounds. 


The  increase  in  the  mortality   Trom  3  to  ^  percent  woul.d  re- 
sult in  a  loss  of  an  additional  30.9  million  broilers  with  a  po- 
tential market  weight  of  113-3  mil  lion  poiinds .     In  order  to  obtain 
the  aggregate  weight  of  10. 99*4  billion  jjoimds  ,  the  reiaaining  2.9681 
billion  broilers  are  raised  to  3.70^+  pounds   (live).     This  would  re- 
quire raising  broilers  to  60 . 0  days  of  age  (table  9). 

Feed  consumption  would  increase  to  8.251  pounds  ner  broiler, 
and  the  feed  cost  to  32.550  cents.     The  nonfeed  cost  is  21. 967  cents. 
Total  unit  production  cost  is  5^-517  cents  a  bird  and  ll4-.7l8  cents 
a  pound.     This  represents  an  increase  of  1.332  cents  a  bird  (0.210 
cents  a  pound)  over  the  cost  of  broilers  fed  an  antibiotic  additive. 

The  total  increase  in  production  costs  attributable  to  a  \%  increase 

in  mortality  is  for  31,^7^  tons  of  feed  at  a  cost  of  $2.U83  million.  No 
change  is  assumed  in  nonfeed  costs.     Total  production  costs  are  $1.6l8 
billion,  an  increase  of  l.^+U  percent  over  the  production  cost  with 
antibiotic  additives  and  0.15  percent  over  the  nonadditive  production  cost 

The  one  point  increase  in  mortality  results  in  an  additional 
cost  increase  of  .032  cents  per  pound  eviscerated  and  per  capita 
annual  expenditure  of  1.22  cents.     The  total  effect  of  a  shift  to 
nonadditive  feed  and  the  mortality  increase  is  a  cost  increase  of 
0.288  cents  a  nound  eviscerated  and  11 .  )|     cents  i)er  cipita  annually. 

Under  Situation  A,  broiler  feed  tonnap;e  increased  an  estimated 
236  thousand  tons.     Feed  units  from  the  nonprotein  in.';redient  share 
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of  the  concentrate  ration  totfil  about  171  thousand  tons  in  corn 
equivalents.     Feed  units   from  protein  sources  in  thr::  ration — mear-.ured 
in  soybean  oil  meal  protein  levels — total  an  additional  65  thoiisand 
tons.     With  an  increase  of  1  percent  in  mortality,  there  is  an  addi- 
tional feed  requirement  of  31  thousand  tons.     This  represents  22  thou- 
sand tons  of  feed  units  from  nonprotein  sources  and  9  thousand  tons 
from  the  protein  share  of  the  feed  concentrate  ration. 
Situation  B: 

Under  Situation  B,  broilers  are  raised  to  the  same  age,  58 •!  days, 
but  additional  broilers  are  required  to  obtain  the  s&me  aggregate 
weight,  10.99^  billion  pounds.     Broilers  raised  on  nonantibiotic  feed 
to  58. 1'  days  weigh  0.0822  pounds  less  at  term  or  3.5838  pounds  compared 
to  birds  receiving  antibiotic  feed  (table  10 ) .     In  order  to  hold  out- 
put constant,  an  additional  68.7  million  broilers  per  year  are  re- 
quired. 

Each  broiler  consumes  7.962  Dounds  of  feed  resulting  in  in- 
crease of  235,822  tons,  as  in  Situation  A.     Total  net  cost  for  the 
feed  is  $l6.211  million,  and  the  additional  chicks  cost   $6,020  mil- 
lion.    In  order  to  attract  additional  Droduction  resources,  all  pro- 
ducers are  paid  2 .Oh  cents  a  pound.     This  adds  another  $U.398  million 
to  production  costs. 

Total  production  costs  increase  by  $26,629  million,  or  1. 67  per- 
cent over  the  cost  of  production  with  an  additive  (table  ll).  The 


I 


o 

OO 


o 
o 


o 


OO 
CO 


o 

H 

-J 


o 
o 


(D 
(T) 

ti 
a 

0) 


OD 

o 


U) 


CO 
U) 


U) 


H 

o 


-J 
O 


On 
C7\ 


O 

o 

U) 
H 


H 
f 


VO 
00 


00 


03 

vn 


vn 
O 


Q 
hi 


O 


vn 

O 

CO 

Q) 

P 

:<■; 

H 

H 

-J 

—J 

mD 

ON 

CO 

ro 

OO 

O 
c+ 


fD  >~i 

H-  O 

c+  0) 
4 


p    (D  fB 
US 


> 

p^ 

•0 

o 

1  1 

1-IJ 

o 

o 

fD 

cn 

P' 

fD 

p- 

td 

m 

'd 

t-b 

fD 

O 

hi 

i-j 

o' 

o 

H- 

CD 

^-j 

o 

P^ 

H' 

cn 

fD 

W 

i-b 

fD 

P- 

is; 

o 

o  o 

'-d 

(D 

O  P 

0) 

[3 

fD 

•i 

ct 

c+  fD 

P^ 

cn 

W  fD 

p- 

s; 

c+ 

Zf 

o 

H- 

fD 

i-i 

(D 

y 

hi 

c-t 

CD 

o 

c+ 

ct- 

tr' 

O 

H 

o 

o 

w 

'd 

CJ 

c  + 

o 

'ti 

fl) 

fD 

:;1 

n 

>i 

1+ 

p, 

tJ) 

I J 

H 
fD 

M 
O 

P3  I 
»  I 

o 

H-  O 

O  P 


fD 

fD  O 
p.  Hj 

P  W 
p.  fD 
p,  ^^ 

ct-  O 
fD  p 

o 

(n  fD 

hH 

P 

G 


per  bird  cost  is  0.323  cents  less,  but  the  per  pourid  cost  is 
O.2U2  cents  higher.     On  an  eviscerated  basis,  the  cost  increase 
is  0.332  cents  a  pound.     Per  capita  expenditure  for  broilers  is 
13.1  cents  higher  annually  under  this  situation,  2.96  cents  more 
than  under  Situation  A.   1^ / 

An  increase  in  the  mortality  rate  from  3  to  U  pei^cent  of  place- 
ments would  result  in  a  loss  of  31.626  million  broilers  with  a  po- 
tential market  weight  of  113. 3U0  million  "pounds.     OffiT.etting  this 
loss  would  require  an  additional  31,^77  tons  of  feed  at  a  cost  of 
$2.hd3  million  and  additional  chicks  at  a  cost  of  $2 . 8OO  million. 
Other  nonfeed  costs  remain  the  same  (table  11). 

The  total  cost  increase  is  $5,283  million.     The  ^nortality  in- 
crease adds  0.172  cents  to  the  production  cost  of  eacii  broiler  or 
O.OiiB  cents  a  pound  (table  11).     On  an  eviscerated  weight  basis,  the 
increase  is  O.O66  cents  a  pound,  and  increases  in  per  capita  expenditures 
amount  to  2.60  cents  annually. 

Table  12  presents  the  change  in   inputs  and  costs  between  broilers 
fed  feed  with  an  antibiotic  additive^  and  broilers  not  receiving  the 
additive  and  incurring  the  higher  mortality  rate.     Br('iler  production 
costs  are  0.151  cents  per  bird  lower  without  the  anti:  iotic,  but  the 
per  pound  cost  is  0.290  cents  higher.     T'^or  eviscerate  i  broilers,  the 


15/  See  appendix  table  3. 
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increase  is  0.397  cents  a,  j)Ound,  and  per  capita  expenditiires  are 
increased  by  15.72  cents  annually.     The  total  increase  in  ex- 
penditures is  $31,912  million  on  an  annual  basis. 

Under  Situation  B  with  no  chatif';e  in  mortality,   the  addi- 
tional 236,000  tons  of  feed  is  equivalent  to  171,000  tons  of  corn 
and  65,000  tons  of  soybean  meal.     With  the  increase  in  mortality 
the  267,000  tons  of  additional  feed  has  concentrates   i^quivalent  to 
193,000  tons  of  corn  and  protein  equivalent  to  7'+ ,000  tons  of  soy- 
bean meal. 
Situation  C: 

A  total  of  2.999  billion  broilers  are  raised  on  nonantibiotic  feed  to 
ithe  same  age,  58. 1  days,  as  birds  fed  antibiotic  feed.     This  results  in 
an  output  of  IO.7U.8  billion  pounds,  a  reduction  of  2h6  million  pounds 
or  2.2^4-  percent.     In  terms  of  production  costs,  feed  costs  are  re- 
duced by  $5,367  million  ( 37 ,66U  tons)  and  f3:rower  costs  are  $0,625  mil- 
lion less.     Other  costs  remain  the  same. 

The  total  reduction  in  costs  is^  $5,992  million  to  $1,589,010  mil- 
lion (table  13).     On  a  per  pound  basis,  the  live  -wei.Qilit  cost  increases  by 
0.276  cents  to  ik.jQh  cents.     Tlie  eviscerated  cost  increase  is 

0.378  cents  a  pound. 


-  OR  - 

Table  11:     Total  and  unit  broiler  production  costs,  situation  B 

■          Broilers  fed        ]  Broilers  fed        \      Four  percent 

Item                \          antibiotic  1/      \  no  antibiotic  2/     [      mortality  2/ 

:   million   

Feed                           :        $    947.413  $    963.624  $  966.107 

Chicks                      :            262.799  268.819  271. 6l9 

Grower                        :              219.880  224.278  224.278 

Integrator                :             164.910  164.910  164.910 

Total   :       $1,595,002  $1,621,631  $1,626.91^ 

Per  bird  :              53.l8l|  1^  52.862  <t:  53.03i;  <(r 

Per  lb.   :              li|.508  «^  1^.750  4-  ih.jgQ  <#: 


U  Total  of  2.999  billion  broilers  weighing  IO.99I+  billion  lbs. 
2/  Total  of  3.067  billion  broilers  weighing  IO.99U  billion  lbs. 
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The  reduction  in  output  will  affect  the  farm  value  of  broilers 
and  total  revenue  as  well  as  the  total  expenditures  of  consumers . 
Although  essentially  no  broilers  are  sold  in  an  open  market  at  the 
farm  level,  imputed  price  and  total  revenue  values  can  be  deter- 
mined.    This  involves    calculation  of  the  expected  broiler  price 
chanp;e  in  relative  terms  and  applying;  the  change  to  a  base  price  for 
broilers.     The  expected  price  change  is  a  function  of  reduced  out- 
puts for  substitute  items:    beef,  "Dork,  and  turkeys,  as  well  as 
broilers.     The  elimination  of  the  additive  and  constraint  on  the 
production  period  reduces  output  for  all  four  items. 

The  equation  for  estimating  the  broiler  price  change  is: 

^  ^  P    =  -  .1+83Q^  -   .600Q    -  1.859  Q    -  .P-OIQ,^ 

c  bp  c  t  . 

where  the  reduction  in  qu.antities  are: 

Beef  (0.  )  =  -  2.052^ 
b 

Pork  (Q  )  =  -  9.U28^ 

P 

Broilers  (Q  )  =  -  2.2hk% 

c 

Turkeys   (Q^)  =  -  3.l8U^ 

The  expected  change  in  the  farm  value  of  broiler;-  is  an  increase 
of  11. U8  percent.     If  the  cost  of  broilers  fed  antibiotic  feed  is  ■ 
assume'd  as  the  farm  value,  1U.508  cents  a* pound,  the  new  value  is  16.17^+ 
cents  a  pound,  I.667  cents  higher.     The  effect  on  total  value  is  an  increase 
of  $1^3.350  raillioh  from  $1,595,002  to  $1,738,352  million. 
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The  difference  between  total  farm  value  and  tota.l  farm  cost 
increases  from  zero  to  $1^19. 3U2  million,  the  increase  in  farm  value 
plus  the  reduction  in  production  costs.     Such  a  hi/^h  return  on 
broiler  production  would  attract  new  resources  into  production  and 
output  would  increase  rapidly.     Without  any  chanp;e  in  the  quantities 
of  the  other  meats,  a  h,62  percent  increase  in  broiler  output  would 
bring  the  farm  value  down  to  the  new  average  cost  level  of  1^.781+ 
cents  a  pound.     The  industry    could  accomplish  such  an  increase 
in  output  in  one  year  if  past  expansion  rates  are  an?A 
criteria. 

The  effect  on  consumer  prices  is  an  increase  of  2.28  cents  a 
pound  for  ice  packed  eviscerated  broilers.     With  a  per  capita  con- 
sumption of  38.65  pounds  eviscerated,  the  per  capita  expenditure  in- 
crease is  equivalent  to  70.6  cents  a  year. 

A  1  percent  increase  in  mortality  under  Situation  C  reduces 
aggregate  annual  output  by  111  million  nounds ,  from  10 . 7U8  to 
10.637  billion.     Total  production  costs  are  reduced  by  ^5^51^3  mil- 
lion as  a  result  of  lower  feed  consumption  and  grower  payments  (table  13). 
Unit  costs  increase  from  ih.lQh  to  lk.8k9  cents  a  pound  live,  or 
0.065  cents.     On  an  eviscerated  basis,  the  Increase  \::  equivalent  to 
0.089  cents  a  POTtnd. 

The  effect  of  an  additional  1  percent  increase  in  mortality  for 
beef,  pork,  broilers,  and  turkeys  on  broiler  prices  is  estimated  by 
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Table  12:     Comparison  of  performance  and  costs  for 
broilers  receiving  feed  with  and  with- 
out antibiotic  and  experiencing  a  higher 
mortality  rate.  Situation  B. 


Antibiotic 

Mortality 

Broi ler 

Gain 
per 
day 
lbs  . 

Age 

at 
term 
days 

Feed  per  birdi^oi^  ^^^d 
■  costs 

Total  cost 

grams /ton 

rate 
percent 

wt . 
lbs. 

'•            '•  Cents 
lbs .   :  cents  ^  per 
:  bird 

Cents:  Cents 
T)er  :  per 
bird  :  lb. 

5 

3 

3.666 

.0651 

58. 1 

7.988    31.592  21.593 

53.185  li+.508 

0 

4 

3.5838 

.0617 

58. 1 

7.983    31.^93  21.5^+1 

53.03^1  li+.T98 

Difference 

-5 

+  1 

-.0822  - 

-.0014 

0 

-.005      -.099.  -.052 

-.151  +.290 

Table  13:     Total  and  unit  hrol  lei'  production  costs,  situation  C 


Broilers  fed          .  Broilers  fed          .  Four  percent 

Item                 .        antibiotic  1/        .  no  antibiotic  2/       .  mortality  3/ 

;   million   

Feed                          :      $    947.413  $    9^2.0^6  $    93h. l6k 

Chicks                       :           262.799  262.799  262.799 

Grower                       :           219.880  219.255  216.995 

Integrator                :            164.910  164.910  164.910 

Total   :       $1,595,002  $1,589,010  $1,579.1|68 

Per  bird                :             53.18U  i  52.985  <^  53.215  i 

Per  lb.   :             1U.508  ih.lQk  lh.Qk9  i 

1/  Total  of  2.999  billion  broilers  weighing  10.994  billion  pounds. 

2/  Total  of  2.999  billion  broilers  weighing  10 . 7^8  bil lion  pounds. 

_3/  Total  of  2.968  billion  broilers  weighing  10.637  billion  pounds. 
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revising;  the  quanLlty  cfiMn^'ir  coo  ['!' i  c  l  i  1 1 1,;;    in  Liu-  ;i.l)ovi'  oquM.i.  i  on  . 

The  revised  percentages  are: 

Beef  (0^)  =  -  2,691^ 
b 

Pork  (Q  )  =  -  10.318^ 

P 

Broilers  (Q  )  =  -  3.2hl% 

c 

Turkeys  (Q^)  =  -  h,2M% 

With  the  above  changes  in  quantities,  the  farm  value  of  broilers 
is  increased  by  lU.Ul  percent  over  the  feed  with  antibiotic  case,  2.93  per- 
cent more  than  in  the  feed  without  antibiotic  and  no  change  in  mortality 
case.     The  combined  effect  of  the  veight  reduction  per  animal  and  higher 
mortality  is  an  increase  in  the  farm  value  of  broilers  to  l6.599  cents  a  pound. 
This  is  O.U25  cents  a  pound  higher  than  the  no  change  in  animal  mortality. 

Total  farm  value  of  broilers  with  mortality  incrf'ased  is 
$1,765,638  million,   $27,286  million  more  than  the  no  change  in  mor- 
tality broiler  farm  value  and  $170,636  million  more  than  the  value  for 
broilers  receiving  an  antibiotic  feed.     The  higher  mortality  rate 
would  add  $36,828  million  to  net  farm  value  as  a. result  of  a  higher 
]irice  and  reduced  production  cost.     The  combined  effect  of  lower  average 
weight  per  bird  and  a  higher  mor  t:.;i,  1.  i  ty  is  an  increase  in  net  farm 
value  or  $186,170  million  or  I.75  cents  a  pound.       This  high  rate  of 
return  would  undoubtedly  result  in  considerable  industry  ex-oansion 
in  output  and  corresnondingly  lower  prices. 
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For  consumers ,  the  increase  in  mortality  would  boost  per  capita 
expenditures  for  broilers  by  13-^  cents  annually.     The  total  in- 
crease would  be  $.8^4     annually  for  a  per  capita  consumption  of 
38.25  pounds  of  eviscerated  broilers.     This  is  equivalent  to  2.9  cents 
a  pound  more  than  would  be  paid  for  broilers  receiving  antibiotic 
feeds  assuming  no  chsinge  in  marketing  margins. 

Feed  use  in  Situation  C  with  no  change  in  mortality  is  reduced  38  thousand 
tons  reflecting  the  reduced  output  of  2h6  million  pounds  of  broilers.     This  is 
equivalent  to  27  thousand  tons  of  corn  and  11  thousand  tons  of  soybean 
meal  measured  in  feed  units.     With  a  1  percent  increase  in  mortal- 
ity,     feed  use      would  decline  by  an  additional  92  thousand  tons 
or  6T  thousand  tons  of  feed  units  from  the  nonprotein  ;;hare  of  the 
concentrate  ration.    An   estimated  25  thousand  tons  of  feed  units  from 
protein  sources  of  soybean  meal  equivalent  would  also  be  eliminated. 

In  conclusion,  production  of  the  same  output  of  broilers ,  10.99^  bil- 
lion pounds,  without  antibiotics  would  boost  production  costs  between 
$20.6  and  $31-9  million  depending  on  the  Situation,  A  or  B ,  and  mortal- 
ity change.     This  range  represents  an  increase  of  1.3  to  2.0  percent 
in  costs.     For  consumers,  i^t^r  oapi1:a  annual  expenditures  for  broilers 
would  increase  from  10.1  to  15-7  cents  a  year.     These  costs  represent 
a  lower  parameter  of  values  when  all  substitution  possibilities  are 
ruled  out  of  consideration.     However,  the  same  costs  urobably  represent 
the  upper  parameter  values  when  substitution  possibil ' ties  are  considered. 
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The  upper  parameter  values  ■without  additive  substitutes  are  the 
Situation  C  results.     With  total  firoduction  reduced  to  lO.jhd  or 
10.637  billion  pounds  depending  on  mortality,  production  costs  are 
reduced  by  $6.0  or  $15.5  million  respectively.     But  consumer  expenditures 
would  rise  by  a  maximum  of  $1^3  to  $171  million  annually.  This 
result  appears  unrealistic  since  the  FDA  proposal  does  not  recommend 
a  prohibition  on  the  use  of  all  antibiotics  as  feed  additives  and 
the  results  in  the  first  of  this  report  indicate  a  number  of  close 
substitutes  are  available. 
Turkeys : 

This  section  of  the  report  evaluates  the  impact  of  a  complete 
ban  on  feeding  antibiotics  to  turkeys  without  recourse  to  substitutes. 
The  procedure  is  the  same  as  that  used  for  broilers  except  for  deter- 
mination of  the  economic  effects  by  sex. 
Assura-ptions  : 

The  following  are  the  assumptions  and  basic  data  for  the  analyses  under 
Situations  A,  B,  and  C: 

(1)  Total  turkey  production  in  1970  was  2.250  billion  pounds 
from  119.681  million  birds. 

(2)  Production  in  1970  was  6o.073  million  hens  and  59,6o8  mil- 
lion toms .    Hens  averaged  13.80  pounds  and  toms  23.839  poimds .  Total 
hen  production  was  829  million  pounds  and  ITom^production  was  " 

I.U21  milli  on  pounds . 
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(3)     Age  at  term  for  turkeys  fed  an  antibiotic  additive  was 
18  weeks  (126  days)  for  hens  and  23  weeks  (161  days) for  toms. 

{k)     The  average  growth  rate  for  turkeys  receiving  the  anti- 
biotic was  0.7666  pounds  per  week  (0.1095  pounds  per  day)  for  hens 
and  1.0365  pounds  per  week  (O.1U8I  pounds  per  day)  for  toms. 

(5)  The  average  growth  rate  for  turkeys  not  fed  an  antibiotic 
is  0.7^22  pounds  per  week  (O.IO60  pounds  per  day)  for  hens  and 
1.0035  pounds  per  week  ( 0,1^3^  pounds  per  day)  for  toms. 

(6)  The  average  feed  consumption  for  turkeys  fed  an  antibiotic 
was  U2.6972  pounds  per  hen  and  8O.50U3  pounds  per  torn.     Feed  conversions 
are  3.09^  for  hens  and  3.377  for  toms. 

(7)  The  average  feed  conversion  for  turkeys  not  receiving  an 
antibiotic  is  3-258  for  hens  and  3.556  for  toms. 

(8)  The  average  mortality  is  9  percent  of  poult  Placements. 

(9)  The  feed  cost  per  ton  with  antibiotic  is  $8l.30  for  hens 
and  $79.60  for  toms. 

(10)  The  feed  cost  per  ton  without  antibiotic  is  $80.50  for  hens 
and  $78.80  for  toms.  l6_/ 

(11)  Poults  cost  5'-l-  cents  each. 


16/  Turkey  feed  contains  20  grams  of  antibiotic  per  ton  of  feed 
at  h  cents  a  gram. 
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(12)  The  labor  used  ["or  turKoys  receivinp;  antibiotic  feed  is 
5^.2  man  hours  per  1,000  hens  and  7J  •  3  mari  hours  ver  1,000  toms.  At 
$2.50  per  hour,  the  labor  cost  is  $135-50  Tier  1,000  hens  and  $178.25 
per  1,000  toms.     For  each  additional  day  of  production  the  labor  input 
is  0.3  man  hours  per  1,000  birds.  11/ 

(13)  All  other  costs  are  held  constant  by  major  cost  items: 

a.  machinery    -  $    7-00  per  1,000  hens 

$  15.00  per  1,000  toms 

b.  supplies  "  -  $277.00  per  1,000  birds  18/ 

c.  fixed  cost  -  $^+70.00  per  1,000  birds  19./ 

(ih)     Feed  costs  were  derived  from  average  costs  for  the  1970 

feeding  year  developed  from  previous  work  using  least-cost  formulation 

techniques  with  a  gross  milling  margin  of  $8  per  ton  and  a  $5  per  ton 

delivery  cost.     This  modification  of  the  FDA  Task  Force  data  more  nearly 

20  / 

reflects  the  situation  as  it  existed  during  the  1970  feeding  year.  ' 
Situation  A: 

In  this  situation,  the  same  nimiber  of  turkeys  as  were  produced  in 

1970  are  fed  on  a  nonantibiotic  feed  for  a  longer  pet-iod  to  achieve  the  same 

market  weight  as  formerly.     Toms  are  fed  an  additional  5  days  and  hens  h  days 

21  / 

The  longer  feeding  period  requires  an  additional  195.159  tons  of  feed.  — ' 


17/  Under  Situation  B  with  a  1  percent  added  mortaJAty,  labor  costs  were 
reduced  to  hO  percent  of  the  $135-50  per  thousand  rate  for  hens  and  the 
$178.25  per  thousand  rate  for  toms.     This  adjustment  reflects  the  estimated 
labor  loss  on  the  1,358,^37  birds  occuring  prior  to  6  weeks  of  age  for  both  ■ 
sexes. 

18/  Supplies  include  fuel,  electricity,  and  drugs.  Under  Situation  B  with 
a  1  percent  added  mortality  the  ratio  of  $138.50  per  1,000  birds  was  reduced 
by  one-half  for  the  1  percent  added  mortality  group. 

19/  Fixed  costs  includes  depreciation,  interest,  insurance,  taxes,  and 
maintenance  and  repairs.     Under  situation  B  with  a  1  percent  added  mortality, 
the  fixed  costs  per  1,000  birds  were  reduced  by  60  percent  for  the  1  percent 
added  mortality  group. 

20/  The  feed  cost  is  less  than  the  ton  price  used  by  FDA.     This  change  was 
made  following  communication  with  Warren  Trotter,  Richard  Russell  Research 
Center,  Athens,  Georgia. 

21/  See  appendix  table  1  for  feed  requirements. 
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This  feed  cost,  less  the  80  cent  per  ton  antibiotic  credit  for  feed 
replaced  by  nonadditive  feed,  results  in  a  total  feed  cost  increase  of 
$12.5^9  million  (table  ik) .     The  longer  feeding  period  requires  addi- 
tional labor,  and  the  increase  in  labor  cost  is  $ii23,000  (table  ih) . 
The  total  increase  in  costs  is  $12,972  million  or  2.7  percent. 

The  effect  on  production  costs  is   an  average  increase  of 
0.58  cents  a  pound.  22/    The  hen  cost  per  pound  increases  by  O.56  cents 
and  the  torn  cost  per  pound  by  0.59  cents  (table  15). 

On  a  ready-to-cook  (RTC)  basis,  the  increase  is  0.72  cents  a 
pound.     On  an  annual  per  capita ' consumption  of  8.86  pounds  RTC,  the 
prohibition  of  antibiotic  additives  would  increase  per  capita  ex- 
penditures by  6  cents . 

The  feed  consumption  increase  of  195,000  tons  is  equal  to  lUl,000 
tons  in  corn  equivalents  and  5^,000  tons  in  soybean  meal. 

An  increase    in  mortality  from  9  to  10  percent  would  have  a  modest 
impact  on  costs.     The  remaining  turkeys,  118,366  thousand,  would  have  to 
fed  longer  to  attain  the  same  aggregate  weight.     Feed  consumption 
increases  by  10,651  tons  at  a  cost  of  $8^5 ,6o6  and  labor  costs 
increase  by  $1^^,963  (table  ih)  .     The  total  increase  in  costs  is 
$991,569  equal  to  O.Oh  cents  a  pound  live  and  0.05  cents  a  pound  RTC. 
The  increase  in  annual  per  capita  expenditures  is  0.5  cents. 

The  additional  feed,  tonnage,  10 ,66U  tons,  is  equivalent  to  apiDrox- 
imately  7,800  tons  of  corn  and  2,800  tons  of  soybean  meal. 


22/  See  appendix  table  2. 
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Table  ih. — Estimated  total  costs  for  turkey  production  by  sex  with  and  without 
antibiotic  feed  additives  under  assumptions  of  SITUATION  A 


[                                      Production  costs 

Item 

With 

Without  \ 

Without  antibiotics 

antibiotics 

antibiotics 

plus  1  percent 

1/ 

1/  ; 

mortality  2/ 

Feed  costs : 

10U,26U,031+ 

108,710,069 

109,009,719 

Toms  

190,989,702 

199,092,3^7 

199,638,303 

Total  leed  costr^  

295,253,786 

307,802,Ul6 

308,61+8,022 

Nonf eed  costs : 

Poults 

Hens  

35 ,509 ,7^7 

35 ,509 ,7^7 

35  ,509  ,7li7 

Toms  —  

35 ,509 ,7^7 

35  ,509  ,7^+7 

35  ,509  ,71+7 

Total  poults  cost  . 

71,019,ii9^ 

71,019,^9^ 

71,019,1+9^4 

Labor 

8,363,5^4^ 

Hens  : 

8,139,859 

8,306,207 

Toms  

10,625,169 

10 , 882^29  ^+ 

io  ,970 ,920 

Total  labor  cost  

18,765,028 

19,188,501 

19,33l+,l+6U 

Machinery  ; 

Hens  

Ul8,292 

iil8,292 

lil8,292 

Toms  

896,3^1 

896,3^1 

896,3141 

Total  machinery  cost  . 

1,31^,633 

1,31^4,633 

1,3114,633 

Fixed  costs 

Hens  

28,23^,160 

28,23^,160 

28,23l^,l6o 

Toms  

28,015,910 

28,015,910 

28,015 ,910 

Total  fixed  costs  

56,250,070 

56,250,070 

56,250,070 

Miscellaneous  supplies 

Hens  . 

l6,6iiO,133 

l6,6itO,133 

16, 6140,133 

Toms  

16 ,511,50^ 

16,511,50U 

16,511,5014 

Total  miscellaneous 

33,151,637 

33,151,637 

33,151,637 

Total  nonfeed  cost  

180,500,862 

180 ,92^,335 

181,070  ,298 

:      i+75  ,75H,6i+8 

1188,726,751 

1489,718,320 

1/  119,681,000  birds  (60,072,760  hens  and  59,608,21+0  toms)  weighing  2.250  billion  pounds. 
'        118,365,750  birds  (59^Ul2,562  hens  and  58,953,188  toms)  weighing  2.250  billion  po-unds . 
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Situation  B: 

In  this  situation,  turkeys  are  raised  the  same  length  of  time 
on  nonadditi ve  feed  as  on  antibiotic  additive  feed.     In  order  to 
attain  the  aggregate  output  of  2.250  billion  TDounds  ,  an  additional 

326, 100  poults  are  placed  to  produce  3,936,750  more  mature  turkeys; 
1,979  ,375  hens  and  1,957,375  toms.     All  turkeys  averag-e  3.18^+  per- 
cent less  in  weight  on  nonantibioti c  feed  with  hens  Wi?ighing 
13.3598  pounds  and  toms  23.08l  pounds  at  term. 

An  additional  195,159  tons  of  feed  are  utilized  in  this  situ- 
ation.  23/  The  total  increase  in  feed  costs  is  $12.5^i8  million 
after  credit  adjustment  for  rera.oval  of  antibiotics  in  the  feed  consumed 
by  the  rest  of  the  turkeys,   (table  I6 ) . 

Nonfeed  costs  increase  for  all  items.     Poult  costs  increase  by 
$2,336,092  and  labor  costs  increase  $6l7,107  (table  16).  Increases 
in  the  other  cost  centers  are  $^+3,216  for  machinery,  $1,090,^79  for 
supplies,  and  $1,850,271  for  fixed.     The  total  nonfeed  cost  increase 
is   $5,937,165  (table  16). 

Total  cost  increases  by  $l8.U85  million  or  3.9  percent.  This 
is  equivalent  to  an  increase  of  0 . 8I  cents  a  pound  live  or  1  cent 
a  pound  RTC.  2U/ 

See  appendix  table  1. 
2^/  See  appendix  table  3- 


^  k2  - 


Table  l6. — Estimated  total  costs  for  turkey  production  by  sex  with  and  without 
antibiotic  feed  additives  under  assumptions  of  SITUATION  B 


Production  costs 

Item  * 

With  ; 

Without 

Without  antibiotics 

antibiotics 

antibiotics 

plus  1  percent 

1/  ! 

2/  ; 

mortality  2_/ 

Feed  costs :  : 

- 

Hens  : 

loi+,26U,o8U 

108,710  ,98U 

109,009,639 

Toms  : 

190,989,702 

199  ,-090,561+ 

199,637,988 

Total  feed  costs  : 

295,253,786 

307,801,51+8 

308,61+7,627 

Nonf eed  costs  :  : 

Poults  : 

Hens  : 

35,509,7^7 

36,677,793 

37,085,321+ 

Toms  : 

35  ,509  ,7^+7 

36,677,793 

37,085,321+ 

Total  poults  cost  : 

71,019,^9^+ 

73,355,586 

7I+, 170, 61+8 

Labor  : 

Hens  : 

8,139  ,859 

8,1+07,51+6 

8,1^1+1+ ,^503 

Toms  ; 

10,625,16^ 

10,27^,582 

11,022,829 

Total  labor  cost  : 

18,765,028 

19,382,135 

19,^67,332 

Machinery  : 

Hens  : 

1+20,509 

l+3l+,365 

1+39,138 

Toms  : 

89U,l2ii 

923,l+8li 

933,633 

l,3lii,633 

1,357,81+9 

1,372,771 

Fixed  costs  : 

Hens  : 

28,231+, 197 

29,l61+,503 

29,292,692 

Toms  : 

28,015,873 

28,935,838 

29,063,035 

56,250,070 

58,100  ,31+1 

58,355,727 

Miscellaneous  supplies  : 

Hens  : 

16 ,61+0,155 

17,188,1+1+1 

17,282,878 

Toms  r  : 

16,511,1+82 

17,053,675 

17,1^7,382 

Total  miscellaneous 

3l+,l+30  ,260 

1  33,151,637 

3I+, 21+2,116 

Total  nonfeed  costs  

180,500,862 

186,U38,027 

187,796,738 

i     .1+75  ,751+ ,61+8 

1+9U,239  ,575 

1+96,1+1+1+,  36  5 

1/  119,681,000  birds  (60,072,760  hens  and  59,6o8,2l+0  toras)  weighing  2.250  billion  pounds. 
'2/  123,617,750  birds  (62,052,135  hens  and  61, 565,610  toms)  weighing  2.250  billion  po-unds . 
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The  hen  cost  per  pound  (live)  is   .889  cents  and  the  torn  cost  is 
.781   cents  higher  (table  Ij) .     Per  capita  annual  expenditures  in- 
crease by  9  cents. 

The  feed  consumption  increase,  195,159  tons  is  equivalent  to 
lUl,000  tons  of  corn  and  5^,000  tons  of  soybean  meal. 

An  increase  in  mortality  from  9  to  10  percent  requires  starting  an  addi- 
tional 1,509,375  poults  to  realize  the  same  aggregate  weight.  Feed 
consumption  increases  by  10,657  tons  at  a  cost  of  $8^6,079.  Nonfeed 
costs  increase  by  $8l5  ,062  for  poults,   $85,197  for  labor,  $1^1,922  for 
machinery,  $l88,ll+l|  for  supplies  and  $255,386  for  fixed  (table  16 )  . 

The  1  percent  increase  in  mortality  increases  total  cost  by 
$2,205  million  (table  I6).     This  is  equivalent  to  0.10  cents  per 
pound  live  or  0.12  cents  a  pound  RTC.     The  effect  on  annual  per 
capita  expenditures  is  about  one  cent. 

The  feed  tonnage  increase  is  equal  to  7,800  tons  of  corn  and  2,800 
tons  of  soybean  meal. 
Situation  C: 

In  this  situation,  t>ie  same  number  of  turkeys  ar^,'  raised  the  same 
lenp;th  of  time  as  turkeys  on  antibiotic  feed.     The  difference  is  a 
reduction  in  output  of  71.627  million  pounds  (live).     The  effect  of 
this  decrease  in  output  is  a  change  in  the  price  and  revenue  received 
by  producers  as  well  as  costs. 


-  U5  - 

Although  turkey  output  is  less,  consumption  of  the  non- 
axitibiotic  feed  is  higher  "by  71,7^3  tons.  25_/  The  net  increase  in 
feed  costs  is  $2,750  million  (table  l8) .     Labor  costs  for  handling 
the  additional  feed  increase  by  $^5,000.   (l  man  hour  per  h  tons  of  feed). 
Total  production  costs  increase  by  $2,795  million.     Production  costs 
are  increased  by  0.892  cents  a  pound  for  hens  and  0.783  cents  a  pound 
for  toms  (table  19) . 

The  change  in  the  farm  price  for  turkeys  is  estimated  from 
the  following  equation*  26/ 

=  -  A27Q^  -  .686Q^  -  .5^0Q^  -  1.620Q^ 

vhere : 

Beef  (Q^)  =  -  2.052^ 

Pork  (Q  )  =  -  9.k28% 

p 

Broilers  (Q  )  =  -  2,2kk% 
c 

Turkeys  (Q^)    =  -  3.18W 

The  increase  in.  the  turkey  farm  price  is  13- 71  r>ercent .  In 
1970,  the  average  farm  price  for  turkey  was  22.6  cents  a  pound.  The 
new  estimated  price  is  25.7  cents    a  pound,  a  3.1  cent  increase.  Total 
farm  receipts  in  1970  were  $508,500  million  and  the  higher  price  in- 
creases sales  receipts  to  ^559.817  million,  an  increase  of  $51,317  million 
(App.  Table  h) .     The  net  increase  in  revenue  to  producers  is  $48^522  mil- 

25/  See  appendix  table  1. 

26/  Paiilsen,  A.  1970,  Economic  impact  of  restricting  antibiotic  addi- 
tives in  swine  feeding.     Journal  paper  of  the  Iowa  Agricultural  Ex:- 
periment  Station.    For  detailed  reference  see  litere,t /r§  Qito^tiom, 
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Table  l8. — Estimated  total  costs  for  turkey  production  by  sex  with  and  without 
antibiotic  feed  additives  under  assumptions  of  SITUATION  C 


Item 


Production  costs 


With 
antibiotics 
1/ 


Without 
antibiotics 
2/ 


Without  antibiotics 
plus  1  percent 
mortality  3/ 


Feed  costs : 

Hens—  

Toms  

Total  feed  costs  

Nonfeed  costs : 
Poults 

Hens  

Toms  

Total  poults  cost  

Labor 

Hens  

Toms  

Total  labor  cost  

Machinery 

Hens  

Toms  

Total  machinery  cost  

Fixed  costs 

Hens  

Toms  

Total  fixed  cost  

Miscellaneous  supplies 

Hens  

Toms  — ■ 

Total  miscellaneous 
supplies  costs  

Total  nonfeed  costs 

Total  costs  


10U,261+,081| 
190,989,702 
295,253,786 


-Dollars- 


105,21+3,205 
192,760,796 
298,00l|,001 


10li,375  ,8l7 
191,172,109 
295,5^7,926 


35,509,7147 
35,509,7^7 

71,019,ii9U 

35,509,71+7 
35,509,71+7 
71,019,^91+ 

35,509,7^7 
35,509,71+7 
71,019,1+91+ 

8,139,859 
10,625 ,169 
18,765,028 

8,159,379 
10  ,650  ,61;9 
18,810,028 

8,150,992 
10,639,701 
18,790,693 

U20,509 
891^,12^ 
l,3li+,633 

1420,509 
89l+,12l^ 
l,3ll+,633 

h2Q  ,509 
89l+,12l| 
l,3ll+,633 

c.V,23ii,197 
2^  015,873 
5^  ,250,070 

28,231+, 197 
28,015,873 
56,250,070 

28,23^,197 
28,015,873 
56,250,070 

16,V+0,155 
l6,:\  l,ii82 

l6,6l40  ,155 
16,511,1+82 

16,61+0,155 
16,511,1+82 

33, lA  .637 

33,151,637 

33,151,637 

180,501^  362 

180,5^5,862 

180,526,527 

1*75,75^1^5+8 

i+78,51+9,863 

U76,07!+,^53 

1/  119,681,000  birds  (60,072,760  hens  and  5|  608,2l+0 
2/  119,681,000  birds  (60,072,760  hens  and  5\  6o8,2l+0 
3/  118,366,000  birds  (59,Uo6,T12  hens  and  5  1  959  ,288 


toms)  weighing  2, 
toms)  weighing  2. 
toms)  weighing  2 , 


250  billion  pounds, 
178  billion  pounds 
I5U  billion  pounds 
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lion,  because  feed  costs  and  labor  increase  by  $2^795  million.  27/ 

For  consumers,  the  price  increase  is  3.9  cents  a  pound  ETC. 
Per  capita  annual  expenditures  increase  by  25-2  cents  a  year  and 
per  capita  annual  consumption  is  .28  pounds.  RTC  les.s . 

An  increase  in  mortality  from  9  to  10  percent  reduces  turkey 
output  by  2h  million  poimds  to  2.15^  billion,  a  f\irther  decrease 
of  1.1  percent.     Production  costs  decrease  by  $2.ii75  million, 
$2.^56  million  of  the  decrease  is  for  a  reduction  in  feed  consiamption 
of  30,936  tons  (table  I8).     The  balance  of  the  reduction  is  for 
reduced  labor  inputs.     There  is  the  possibility  of  minor  cost  re- 
ductions for  machinery  and  supplies,  but  these  are  not  considered 
here. 

The  increased  mortality  results  in  a  further  increase  in  tui'key 
prices..     Using  the  equation  above  and  quantity  change  coefficients 
adjusted  for  increased  mortality,  the  turkey  price  increase  is 
16.86  percent,  3.15  percent  higher  than  the  case  with  feed  without  antibiotic 
and  no  change  in  mortality.     The  adjusted  quantity  change  coefficients  are: 

Beef  (Q^)  =  -  2.69lf. 

Pork  (Q  )  =  -  10.318?^ 

P 

Broilers  (\)  =  -  3.?M% 
Turkeys  (q^)     =  -  k.2U7% 

The  farm  price  of  turkey  with  the  10  percent  mortality  is 
26. Ul  cents  a  pound  live,  an  increase  of  0.71  cents  a.  pound.  Total 


27/  See  appendix  table  h. 
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producer  revenue  is  $568,989  million,  an  increase  of  $9,172  million 
(appendix  table  h) .     With  the  reduction  in  "oroduction  costs,  net 

revenue  increases  by  $llT6UT~miriion . 

The  price  effect  from  the  additional  mortality  and  output  re- 
duction would  increase  per  capita  annual  exT^enditures  by  ^.5  cents. 
Per  capita  consumption  decreases  by  another  0.09  pounds.  RTC.     The  RTC 
price  increases  by  0.90  cents  a  pound. 

In  conclusion,  maintaining;  turkey  output  at  2.250  billion 
pounds  without  use  of  antibiotic  feed  additives  and  no  mortality 
change  would  increase  production  costs  between  $12,972  and  $l8.U85  mil- 
lion, or  2.7  to  3.9  percent.     Per  capita  annual  expenditures  wo\ild 
increase  between  6.h  and  9.1  cents.     Increased  mortality  of  1  percent 
would  have  a  modest  effect  'on  costs  of  $1.0  to  $2.2  million  annually. 

A  reduction  of  3.2  percent  in  turkey  output  along  with  reductions 
in  supply  of  beef,  pork,  and  broilers  woiLld  increase 

the  turkey  price  by  3.1  cents  a  pound  and  boost  net  revenue  to  producers 
$U8.522  million.     Consumer  expenditures  increase  by  $51  •  317  million 
or  25.3  cents  per  capita.     Increasin/?;  mortality  by  1  nercent  would 
increase  producer  net  revenues  by  another  $11.6)+7  million.     Price  is 
increased  by  2.8  percent  to  26. kl  cents  a  pound.     Consumer  ex- 
penditures increase  by  $9 •  3^+3  million  or  h.^  cents  per  capita. 


Appendix  table  1, — Feed  consiimption  for  troilers  and  turkeys 
under  Situations  A,  B,  and  C 


Situation 

]  Poultry 

Feed  consumption 

Wo  change 

in  mortality 

Change  in 
mortality 

With 
antibiotic 

"  Without 
*  antibiotic 

Without 
antibiotic 

A—                 —  • 

Broilers 

11,977,1^13 

12,213,235 

12,2l+l+,708 

Turkeys 

3,681,829 

3,876,988 

3,887,639 

Total 

15,659,21+2 

16,090,223 

16,132,31+8 

B  ; 

Broilers 

11,977,^13 

12,213,235 

12,2l+l+,T12 

Turkeys 

3,681,829 

3,876,977 

3,887,631+ 

Total 

15,659,21+2 

16,090,212 

l6,132,2i^6 

c  .  ; 

Broilers 

11,977,^13 

11,939,71+9 

11,81+7,1+32 

Turkeys 

3,681,829 

3,753,572 

3,722,636 

Total 

15  ,659,21+2 

15,697,090 

15,570,069 

Appendix  table  2. — SITUATION  A:     Estimated  effects  of  adjusting  to  a  ban  on  the  use  of 
antibiotic  feed  additives  by  feeding  the  same  niiraber  of  birds  as  were  fed  before 
the  ban  for  longer  feeding  periods  to  maintain  output. 


Item 

Unit  : 

Broilers 

:     Turkeys  : 

Total 

Zero  change  in 

mortality 

as  a  result  of 

baxi 

Increase  in  feed 

costs  1_/  

Mil.  dol. 

16.211 

12.5^+9 

28.760 

Increase  in  nonfe 

ed  costs  

Mil.  dol. 

i|.398 

.U23 

U.82I 

Total  increase  in 

costs  

Fix _L  •     U.UX  • 

on  (^no 

xd.  .y 

Per  capita  increase  in  costs  

Dollars 

.10 

.06 

.16. 

Increase  in  cost 

per  pound  liveweight  

Cents 

.19 

.58 

.•25 

Increase  in  cost 

per  pound  retail 

weight  

Cents 

.26 

.72 

.3k 

Increase  in  feed 

usage 

Total—-  

■    Thous.  tons 

236 

195 

h31 

Corn  equlvalent-- 

Thous .  tons 

171 

lUl 

312 

Soybean  oil  meal 

equivalent  

Thous.  tons 

65 

119 

Additional 

effect  of 

each  1  percent 

increase  in  mortality 

Increase  in  feed 

costs  1/  

Mil.  dol. 

2.U83 

.Qk6 

3.329 

Increase  in  nonfeed  costs  

Mil.  dol. 

.lk6 

.1U6 

Total  increase  in 

costs  

Mil.  dol. 

2.U83 

.992 

3.hl5 

Per  capita  increase  in  costs  

Dollars 

.01 

.005 

_  .015 

Increase  in  costs 

per  pound  liveweight — 

Cents 

.02 

.Oh 

.02 

Increase  in  costs 

per  pound  retail 

weight  

Cents 

.03 

.05 

.03 

Increase  in  feed 

usage 

Total——  

Thous.  tons 

31 

11 

kh 

Corn  equivalent — 

Thous .  tons 

22 

8 

32 

Soybean  oil  meal  equivalent  

Thous.  tons 

9 

3 

12 

1/  Amount  by  which  cost  of  nonantibiotic  feed  exceeds  the  cost  of  feed  and  antibiotic  feed 
additives  used  to  produce  1970  level  of  output. 


0 


Jippendix  table  3 o —SITUATION  B:     Estimated  effects  of  adjusting  to  a  ban  on  the  use  of 
antibiotic  feed  additives  by  feeding  greater  niombers  of  birds  as  were  fed  before 
the  ban  for  the  same  pre-ban  feeding  periods  to  maintain  output  ■ 


Item 

:  Unit 

:  Broilers 

:  Turkeys 

:  Total 

Zero  chan£ 

,  .  ..       ■  i 

;e  in  mortality 

as  a  result 

of  ban 

Increase  in  feed  costs-  

Mil.  dol. 

l6 . 211 

12.5^8 

28.839 

Increase  in  nonfeed  costs-  

Mil.  dol. 

i+.398 

3.601 

T.999 

Mil.  dol. 

6.020 

2.  336 

8.356 

Total  increase  in  cost  

Mil.  dol. 

26.629 

l8.)+85 

^+5.11^4 

Per  capita  increase  in  costs  

Dollars 

.13 

.09 

.22  " 

Increase  in  costs  per  pound  livewei^ 

5ht— 

Cents 

.2h 

.81 

.3U 

Increase  in  costs  per  pound  retail 

Cents 

.  33 

1.00 

'TU5"' 

Increase  in  feed  usage 

Thous .  tons 

236 

195 

U31 

Corn  equivalent  •  

Thous.  tons 

171 

II4I 

312 

Thous .  tons 

65 

5ii 

119 

Additional  effect  in 

each  1  perc 

ent 

increase  in  mortality 

Increase  in  feed  costs —  

Mil.  dol. 

2.V83 

.8^6 

X329 

Increase  in  nonfeed  costs  

Mil.  dol. 

Increase  in  chick,  or  poult  costs  

Mil.  dol. 

2.800 

.bl5 

3.615 

Mil.  dol. 

5.283 

2.505" 

Per  capita  increase  in  costs  

Dollars 

.03 

.01 

.Oh 

Increase  in  costs  per  pound  livewei^ 

5ht— 

Cents 

.05 

.10 

.06 

Increase  in  costs  per  pound  retail 

weight— —  ■  ■  •  

Cents 

.07 

.12" 

.08 

Increase  in  feed  usage 

Total  

Thous.  tons 

31 

11 

h2 

Corn  equivalent  

Thous .  tons 

22 

8 

30 

Thous.  tons 

9 

3 

12 

-  53  - 

^Appendix  table  U,.— SITUATION  C:     Estimated  effects  of  adjusting  to  a  ban  on  the  use  of 
antibiotic  feed  additives  by  feeding  the  same  number  of  birds  as  vere  fed  before  the 
ban  for  the  same  feeding  periods  with  decline  in  output 


Unit 


Broileri; 


Turkev 


Producer  Value  Changes 

Increase  in  sales  receipts  

Reduction  in  feed  and  nonfeed  costs  

Total  increase  in  net  revenue  

Increase  in  liveweight  selling  price 

per  pound  

Reduction  in  feed  usage 

Total———  ■  

Corn  equivalent- —  ■  

Soybean  oil  meal  equivalent  

Consumer  Effects 

Total  increase  in  e:ipenditures  

Per  capita  increase  in  expenditures  

Increase  in  consumer  prices  at  retail  

Reduction  in  per  capita  consumption  


Producer  Value  Changes 

Increase  in  sales  receipts  

Reduction  in  feed  costs  

Reduction  in  nonfeed  costs  

Total  increase  in  net  revenue  

Increase  in  liveweight  selling  price 

per  pound  

Reduction  in  feed  usage  : 

Total  :  

C-om  equivalent  •  ■  ■  

Soybeaxi  oil  meal  equivalent  

Consumer  Effects 


Total  increase  in  expenditures  

^Per  capita  increase  in  expenditures  

Increase  in  consumer  prices  at  retail 

weight  — —  

Reduction  in  per  capita  consumption  


Zero  Change  in  Mortality  as  a  Result  of  Ban 


Mil.  dol. 
Mil.  dol. 
Mil.  dol. 

lJ+3.350 
5.992 
lii9.3^2 

51.317 

(2. .795) 
W.522 

19 U. 667 
3.197 
197.861; 

Cents 

1.67 

3.10 

^  1.91 

Thous.  tons 
Thous .  tons 
Thous.  tons 

38 
27 
11 

(-72) 
(-53) 
(-19)  . 

(-3U) 
(-25) 
(-  9) 

m.±.  dol. 

dol. 
Cents /lb.  RTC 
Pounds  RTC 

li+3.350 

..JLl 
2.88 

.88 

51.317 
_    .25  _ 
3.88 
.28 

"  19I+.66I 
'  .96 
2.57 
1.17 

Additional  Effects  of  Each  1  Percent 
Increase  in  Mortality 

mi.  dol. 
Mil.  dol. 
Mil.  dol. 
Mil.  dol. 

27.286 
7.283 
2.260 

36.829 

9.172 
2.U56 
.019 
'll.'6U7 

36.ii58 

9.739 
2.279 
I18.I+76 

Cents 

.U2 

.71 

Thous . • tons . 
Thous.  tons 
Thous .  tons 

92 
67 

25 

31 
22 
9 

123 
89 
3U 

Mil.  dol.  . 
dol. 

27.286 
.13^+ 

9.172 
.01^5 

r  36.U58 
.180 

Cents /lb. 
Pounds  RTC 

.35 
.58 

.5U 
.89 

.39 
.62 
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